Introduction
Neotropical seasonal dry forests are ecosystems characterized by precipitations of less than 1600 mm/year, with at least 5 -6 months of less than 100 mm rainfall (Pennington et al. 2000) . In southwestern Ecuador and northwestern Peru, an area with such characteristics spans 86859 km 2 of the coastal belt and shows a high degree of endemism (Aguirre et al. 2006) . While taxonomic classification and geographic distribution of plant species within this area have been addressed by several investigators over the years (Svenson 1946; Ferreyra 1983; Aguirre et al. 2006) , their phenology, reproductive strategies, genetic diversity, and chemical potentialities for application as food resources or in industrial processes have received little attention, in spite of the uses given to many of those species by the local population (Bussmann & Sharon 2006; Bussmann & Sharon 2009; Wilfredo Gonzáles, unpublished 
observations).
Apodanthera biflora Cogn. (locally known as "yuca de monte") is a perennial herbaceous vine belonging to the Cucurbitaceae family that is native to the Peruvian dry forest (Macbride 1937; Brack 1999; Jørgensen & León 1999; Mostacero et al. 2002) . The aerial parts of the plant (vegetative and reproductive) grow from December through March, during the raining season.
Upon arrival of the dry season, they dry out leaving a tuberous root with latent buds buried in the soil, from which new aerial parts will grow in the following raining season (Wilfredo Gonzáles, unpublished observations).
Like other wild species of the Cucurbitaceae family such as Cucurbita foestidissima (DeVeaux & Shultz 1985) , Cucumeropsis mannii, Cucurbita maxima, Cucurbita moschata, Lagenaria siceraria, Cucumis sativus (Achu et al. 2005) , or Melothria pendula (Arazate-Fernández & Grenón-Cascales 2002) , A. biflora has some features that make it a potential resource for food security and/or food industry. Its roots accumulate starch, are comestible and often used by the local population to feed livestock. Occasionally, though, they are also consumed by people who incorporate them as part of their meals. In addition, its fruit, a modified berry or pepo, contains approximately 20 seeds with significant amounts of extractable oil (Wilfredo Gonzáles, unpublished observations). Nevertheless, no studies addressing the chemical composition of the roots and seeds of A. biflora have been carried out to date.
An effort to make a full appraisal of the potentialities of A. biflora is being carried out in our laboratory, which includes studies on the phenology, reproductive biology, genetic diversity, and chemical composition of roots and seeds, taking advantage of a set of accessions from northwestern Peru. In the present article we show the relevant results on the chemical and nutritional value of A. biflora roots and seeds, emphasizing on the variability observed. The results are discussed with regard to the values reported for domesticated species of known nutritional and commercial importance.
Material and methods
Samples.-Plant material was collected from 15 locations in the departments of Tumbes, Piura, and Lambayeque, in northwestern Peru (Table 1 ). The locations were at least 5 km away from each other. Approximately 10 kg/location of tuberous roots from wild adult plants were collected in Tumbes (locations 1 and 2), Piura (locations 4 -11), and Lambayeque (locations 12 -14) between May and June 2009, at the end of the wet season, when the local population harvest them. Seeds were obtained from fruits of wild adult plants in Tumbes (location 2), Piura (locations 3 -9), and Lambayeque (location 15) in March 2009, when the fruits were mature. Both roots and seeds were stored in paper bags at room temperature until use.
Processing of root samples.-For each location, 2 kg of undamaged roots were washed thoroughly with running water and their cortex removed so as to leave the inner edible parts. The latter were washed with distilled water, chopped into small pieces, and ground in a food processor. The homogeneous paste was divided into portions of approximately 40 g that were accurately weighed and stored at -20 °C until analysis.
Processing of seed samples.-Clean seeds were first weighed and then desiccated in an oven at 103 °C for 17 h. After weighing the desiccated seeds, the dry matter content was calculated and the seeds ground in a mortar to determine the fat and protein content.
Determination of chemical composition of roots.-

Dry matter content:
The dry matter content of the root paste was determined according to the AOAC Method 22.018 (AOAC 1980) . Determinations were made in 6 replicates of 5 g each, 3 of which were utilized later to quantify the lipid content and the 3 remaining to determine the ash content. Results were expressed as percentage (w/w) of the sample's fresh weight.
Ash content: The ash content was determined in triplicate using dehydrated samples (see previous section) according to AOAC Method 7.009 (AOAC 1980). Between 2 -5 g of dehydrated material were used per replicate and the results expressed as percentage (w/w) of the sample's dry weight.
Crude protein content:
The crude protein content was measured in triplicate according to AOAC Method 47.021 (AOAC 1980) , with 2 g of root paste per replicate. A standard conversion factor (6.25) was used to express the protein content as a percentage (w/w) of the sample's dry weight.
Lipid content: The amount of lipids contained in the roots was determined in triplicate with previously dehydrated samples (see section 2.4.1.) according to AOAC Method 155 7.056 (AOAC 1980) . Results were expressed as percentage (w/w) of the sample's dry weight.
Crude fiber content: The crude fiber content was quantified in triplicate according to AOAC Method 7.061 (AOAC 1980) . Two grams of defatted sample were used per replicate and the results were expressed as percentage (w/w) of the sample's dry weight.
Available carbohydrate content:
The percentage of available carbohydrate in roots was estimated by subtracting from 100 the sum of water, ash, protein, lipid, and crude fiber.
Ca and P contents:
Samples from ashing were digested for 30 min with 6 mL of concentrated hydrochloric acid under heating. The digest volume was brought to 50 mL with double distilled water in a volumetric flask and used for Calcium and Phosphorus determinations in triplicate.
Calcium was quantified in 3 replicates by the permanganate titration method described by James (1999) fications (AOAC Method 7.096, 1980) . Briefly, the diluted ash digest is brought to pH 4.5 and an excess of ammonium oxalate is added to precipitate calcium as calcium oxalate. After several washing rounds with 2% ammonium hydroxide, oxalic acid is liberated from the precipitate by adding sulfuric acid and titration of the acid is carried out afterwards with 0.01 M potassium permanganate at 70 °C to a persistent pink color. Results were expressed as milligrams of calcium per 100 g of dried sample.
Phosphorus was determined in 3 replicates with a HI 83225 photometer (Hanna Instruments) and phosphorus reagents HI 93706A-0, HI 93706B-0, and HI 93706-01 (HANNA Instruments) according to the manufacturer's instructions. The kit is based on the amino acid method, adapted from Standard Method for the Examination of Water and Wastewater (1999) . The reaction between phosphorus and the reagents gives a blue color in the sample. Results were expressed as milligrams of phosphorus per 100 g of dried sample.
Determination of protein, lipid content, and fatty acid composition of seeds.-Total protein and fat content in seeds were quantified in triplicate according to AOAC Methods 47.021 and 7.056, respectively (AOAC 1980) and expressed as percentage of dry matter. The fatty acid composition of the oil obtained was determined by gas chromatography in a HP 6890 apparatus (Agilent Technologies, Palo Alto, CA). Briefly, a capillary column Omegawax 100 (15 m, 0.10 mm i.d., 0.10 µm film thickness) was used for the separation of fatty acid methyl esters. The initial temperature was 140 °C for 5 min, raised to 280 °C at a rate of 40 °C/min, and kept at 280 °C for 2 min. The split ratio was 1:200 and the carrier gas hydrogen kept at a constant flow rate of 50 cm/s. The injector temperature was 250 °C and the detector temperature 280 °C. One µL of sample was injected and the running time was 60 min.
Statistical analysis.-To assess whether the chemical composition of the tuberous root is affected by the site of collection, a nested analysis of variance (ANOVA) was performed considering as factors the department (Lambayeque, Piura or Tumbes) and the location (nested in the department). Descriptive statistics were used to address the seed's chemical features of interest such as the fat and protein content, and the fatty acid composition of the oil obtained. The mean, range (minimum and maximum), and coefficient of variation (standard deviation/mean) are reported for each seed trait.
Results and discussion
Chemical composition of the root.-The results of the proximate analysis carried out with roots from 13 locations in northwestern Peru are given in Table 2 . The content of calcium and phosphorus was also included. With the exception of the fiber content, all the parameters show some degree of variation at the department level (Table 3) . It is worth noting the high percentage of fat and calcium content found in roots from Lambayeque as compared with those from Tumbes and Piura. The percentage of fat in Lambayeque is 2.3 -2.5 fold higher than those in Tumbes and Piura, whereas the amount of calcium shows a 1.4 fold increase with respect to Tumbes ( Table 2) . Differences were also evident within departments at the location level, with fiber content as the sole exception again (Table 3 ). The reason for this apparent uniformity in the fiber content among accessions is unclear at present and a search in the scientific literature did not reveal a similar trend in other comestible storage roots such as cassava (Charles et al. 2005) . Notable variations were observed among all the populations in the fat percentages (from 0.1 to 9.2%), as well as in the amounts of calcium (from 37.3 to 132.7%) and phosphorus (from 69 to 182.3%). All these variations were concentrated in Piura, with Table 2 . Chemical composition (on a dry matter basis) of Apodanthera biflora roots from 13 locations in northwestern Peru* the exception of the fat percentage. Still, its variation in Piura was considerable (from 0.1% to 6.4%, Table 2 ). While part of this variability might be explained by phenotypic plasticity under different environmental conditions (precipitation, temperature, soil composition), genetic differences cannot be ruled out as an ISSR-based estimation of the genetic diversity in the sampled area resulted in a significant degree of population structure (unpublished results). The lower variability found in Tumbes and Lambayeque might have been determined by the smaller number of locations sampled.
Interestingly, the carbohydrate content of A. biflora roots is high (77.5 -84.9%) and comparable to those reported for cassava roots (94%; USDA, National Nutrient Database for Standard Reference) or potato tubers (86.94%; Jiménez 2005 ). This attribute is considered an important nutritional feature of comestible storage roots/tubers, and our results confirm the nutritional value of the A. biflora roots as a source of carbohydrates. Preliminary results with a few accessions indicated that starch represents approximately 20% of the dry matter, a percentage that is lower to that obtained with cassava (around 30%; Luna et al. 2006) , but higher than the percentage reported for potato (13 -15%; Lisinska & Leszczynski 1989) . We are currently confirming these results by assessing further accessions, as well as characterizing the starch by physicochemical methods.
A somewhat unexpected finding was that, although low (3.1 -7.8%), the fat content is 4 -11 fold higher than of cassava (USDA, National Nutrient Database for Standard Reference) and 2 -5 fold that of potato (Jiménez 2005) . As for the rest of attributes, the dry weight (23 -26.2%) and the protein content (6.4 -8%) are comparable to those found in potato (26.8% and 7.46%, respectively; Jiménez 2005), but clearly different from those in cassava (40.3% and 3.4%; USDA, National Nutrient Database for Standard Reference); ashes content were comparable to those of cassava or potato (Charles et al. 2005; Jiménez 2005 ); fiber (0.7 − 1.8%) was lower than values reported for cassava and potato (4.5% and 2.6%, respectively; USDA, National Nutrient Database for Standard Reference; Jiménez 2005); phosphorous levels (91.3 − 112.8 mg%) were between those found in cassava (66.9 mg%; USDA, National Nutrient Database for Standard Reference) and potato (194 mg%; Jimé-nez 2005) , while calcium levels (67.7 -107.2 mg%) were higher than those of cassava and potato (39.7 mg% and 22.4 mg%, respectively; USDA, National Nutrient Database for Standard Reference; Jiménez 2005).
Taken together, our results are consistent with the use of A. biflora root as a source of carbohydrates in the regular diet and its inclusion as part of food security programs, especially in northwestern Peru. Further testing of the starch is currently under way to assessing its potential for industrial applications.
Protein, lipid content, and fatty acid composition of seeds.-The protein and fat content of seeds from 9 locations sampled are shown in Table 4 . The fat content in Piura was notably higher than that in Tumbes and Lambayeque, while the amount of protein tended to be higher in Tumbes with respect to the other 2 departments (data not shown). However, the fact that only 1 accession from Tumbes and Lambayeque was evaluated does not allow drawing definitive conclusions. The range of fat content in all accessions (22.22 -39.37%) falls within the values reported for other oily seeds, in between peanut (36 -56%) and cotton (15 -22%), and very similar to safflower (25 -40% 
